We discuss two striking Large Hadron Collider (LHC) signatures of the constrained version of the exceptional supersymmetric standard model (cE 6 SSM), based on a universal high energy soft scalar mass m 0 , soft trilinear coupling A 0 and soft gaugino mass M 1/2 . The first signature we discuss is that of light exotic colour triplet charge 1/3 fermions, which we refer to as D-fermions. We calculate the LHC production cross section of D-fermions, and discuss their decay patterns. Secondly we discuss the E 6 type U (1) N spin-1 Z ′ gauge boson and show how it may decay into exotic states, increasing its width and modifying the line shape of the dilepton final state. We illustrate these features using two representative cE 6 SSM benchmark points, including an "early LHC discovery" point, giving the Feynman rules and numerical values for the relevant couplings in order to facilitate further studies.
Introduction
Last year the LHC experiments started to collect data. We expect that the LHC will shed light on the physics beyond the Standard Model (SM), the origin of dark matter and the mechanism of electroweak symmetry breaking in the near future. However it may take some time for the LHC experiments to discover the Higgs boson if it is light. On the other hand the LHC can relatively quickly discover new coloured particles and a Z ′ if these states are kinematically accessible. In this article we study the production and decay signatures of the Z ′ and exotic colour triplet charge 1/3 fermions, which we refer to as D-fermions, that naturally appear within well a motivated supersymmetric extension of the SM known as the Exceptional Supersymmetric Standard Model (E 6 SSM) [1] .
Softly broken supersymmetry (SUSY) provides a very attractive framework for physics beyond the standard model (BSM), in which the hierarchy problem is solved and the unification of gauge couplings can be realised [2] . Despite these attractive features, the minimal supersymmetric standard model (MSSM) suffers from the µ problem. The superpotential of the MSSM contains the bilinear term µH d H u , where H d,u are the two Higgs doublet superfields 1 whose scalar components develop vacuum expectation values (VEVs) at the weak scale and µ is the supersymmetric Higgs mass parameter which can be present before SUSY is broken. One naturally expects µ to be the order of the Planck mass or to be zero, having been forbidden by some symmetry, whereas phenomenologically, to achieve correct electroweak symmetry breaking (EWSB), µ is required to be in the TeV region.
A very elegant solution to this problem is to generate an effective µ-term from an interaction, λSH d H u , between the usual Higgs doublets and a new Higgs singlet superfield S, whose scalar component develops a low energy VEV. However, although an extra singlet superfield S seems like a minor modification to the MSSM, which does no harm to gauge coupling unification, its introduction leads to an additional accidental global U(1) (Peccei-Quinn (PQ) [3] ) symmetry which will result in a weak scale massless axion when it is spontaneously broken by the VEV S [4] .
To avoid this one can promote the PQ symmetry to an Abelian U(1) ′ gauge symmetry [5] . The troublesome would-be axion is then eaten by the new U(1) ′ gauge boson to give a massive Z ′ at the TeV scale. An extra U(1) ′ gauge group can also be motivated within the framework of grand unified theories (GUTs), arising as the relic of the breakdown of the unified gauge group. For example, an E 6 GUT symmetry can be broken to the rank-5 subgroup SU(3) C ×SU(2) L ×U(1) Y ×U(1) ′ where in general U(1) ′ = U(1) χ cos θ+U(1) ψ sin θ [6] , and the two anomaly-free U(1) ψ and U(1) χ symmetries originate from the breakings 1 Note that we will not put hats on the superfields. E 6 → SO(10)×U(1) ψ , SO(10) → SU(5)× U(1) χ . For a review see [7] and for a discussion of the latest Tevatron and early LHC Z ′ mass limits see [8] .
With additional Abelian gauge symmetries it is also important to ensure the cancellation of anomalies. This fits very nicely into the framework of an E 6 GUT since, for any
U(1)
′ that is a subgroup of E 6 , anomalies are cancelled automatically if the low energy spectrum constitutes a complete 27-plet.
Furthermore, within the class of E 6 models, there is a unique choice of Abelian gauge group that allows zero charges for right-handed neutrinos and thus large Majorana masses and a high scale see-saw mechanism. This is the U(1) N gauge symmetry given by θ = arctan √ 15 which is naturally achieved by GUT scale Higgses which develop VEVs in the "right-handed neutrino" component. The choice of U(1) N gauge group coupled with complete 27-plets of matter at low energy defines the E 6 SSM [1] .
The right-handed neutrinos acquire heavy Majorana masses and may play a role in the early Universe by decaying unequally into final states with lepton number L = ±1, creating a cosmological lepton asymmetry. Because the Yukawa couplings of the new exotic particles of the model are not constrained by the neutrino oscillation data, substantial values of CP-violating lepton asymmetries can be induced even for a relatively small mass of the lightest right-handed neutrino (M 1 ∼ 10 6 GeV) so that successful thermal leptogenesis may be achieved without encountering any gravitino problem [9] .
The extra U(1) N gauge symmetry survives to low energies and forbids a bilinear term µH d H u in the superpotential but allows the interaction λSH d H u . At the electroweak (EW) scale, the scalar component of the SM singlet superfield S acquires a non-zero VEV, S = s/ √ 2, breaking U(1) N and yielding an effective µ = λs/ √ 2 term. Thus the µ problem in the E 6 SSM is solved in a similar way to the next-to-minimal supersymmetric standard model (NMSSM) [10] , but without the accompanying problems of singlet tadpoles or domain walls.
Recently we discussed a constrained version of the E 6 SSM (cE 6 SSM), based on a universal high energy soft scalar mass m 0 , soft trilinear coupling A 0 and soft gaugino mass M 1/2 [11, 12, 13] . We proposed a number of benchmark points, and calculated the SUSY and exotic spectrum which we found to have the following characteristics:
• a spin-1 Z ′ N gauge boson of mass around 1-2 TeV;
• light gauginos including a light gluino of mass ∼ M 3 (typically 350-650 GeV), a light wino-like neutralino and chargino pair of mass ∼ M 2 (typically 100-200 GeV), and a light bino-like neutralino of mass ∼ M 1 (typically 60-120 GeV), where M i are the low energy gaugino masses, which are typically driven small compared to the effective µ parameter (typically 700-1400 GeV) by renormalisation group (RG) running;
• heavier sfermions (typically 800-1600 GeV), except for the lightest stop which may be 500-800 GeV;
• possibly light exotic colour triplet charge 1/3 D-fermions, with masses controlled by independent Yukawa couplings enabling them to be as light as the Tevatron limit of about 300 GeV.
In this paper, motivated by the light spectrum above, we consider it urgent and timely to discuss two of the most characteristic and striking LHC signatures of the cE 6 SSM in considerably more detail than was done in [11, 12] . Firstly, we discuss the U(1) N spin-1 Z ′ gauge boson (referred to as Z ′ N ) and show how it may decay into exotic states, including the exotic D-fermions and singlinos. This increases its width compared to that for SM fermion decays only, making its line shape more easily observed. Secondly, we calculate the LHC production cross section of exotic D-fermions and discuss their decay patterns. We illustrate these features by considering two of the benchmark points previously proposed in some detail. Crucially, we also give the numerical Feynman rules which will enable further studies (e.g. by experimentalists) to be performed.
We note that the phenomenology of D-fermions has also been discussed the general framework of E 6 models in [14] , but not specifically for the cE 6 SSM which provides a more predictive framework via the use of benchmark points.
The layout of the rest of the paper is as follows. In Section 2 we review the cE 6 SSM. Section 3 discusses the LHC predictions of the cE 6 SSM illustrated through two benchmark points. Section 4 concludes the paper. We then have one Appendix, where the numerical Feynman rules utilised in this work are given.
The Constrained E 6 SSM
The E 6 SSM is a supersymmetric model with three generations of complete 27 multiplets of matter and a low energy gauge group SU(3) C ×SU(2) L ×U(1) Y ×U(1) N , where the U(1) N is specified by the charges given in Tab. 1 and the combination U(1) χ cos θ + U(1) ψ sin θ,
The 27 i of E 6 , each containing a quark and lepton family, decompose under the SU(5) × U(1) N subgroup of E 6 as follows:
The first and second quantities in the brackets are the SU(5) representation and extra U(1) N charge while i is a family index that runs from 1 to 3. From Eq. (1) we see that, in order to cancel anomalies, the low energy (TeV scale) spectrum must contain three extra copies of 5 * + 5 of SU(5) in addition to the three quark and lepton families in 5 * + 10.
To be precise, the ordinary SM families which contain the doublets of left-handed quarks Q i and leptons L i , right-handed up-and down-quarks (u If there are only complete matter multiplets at low energy, the gauge couplings do not unify in a single step. Therefore one can either proceed with two-step unification, leading to unification at the string scale [15] or add incomplete multiplets.
In this paper we follow the latter path and require a further pair of superfields baryon number conservation and induce non-diagonal flavour transitions there should be some symmetry structure suppressing or forbidding the dangerous terms. A structure to do this can arise from a family symmetry at the GUT scale [17] .
In the scenarios considered in this paper, following previous work [1, 11, 12] , to suppress baryon number violating and flavour changing processes we postulate a Z gauge symmetry, nor under the SM gauge group, we assume that all right-handed neutrinos are relatively heavy so that they can be integrated out. The SU(2) L doublets H u and H d , and singlet S which are even under the Z However the Z H 2 can only be approximate since under an exact Z H 2 decays of the exotic particles would be forbidden. Therefore, while Eq. 2 does not induce any proton decay, some suppressed couplings can, and so to prevent rapid proton decay in the E 6 SSM we should still introduce a discrete symmetry to play the role of R-parity in the MSSM. We give two examples of possible symmetries that can achieve that. [1] . With both of these symmetries the MSSM particle content behaves like it does under R-parity, with the subset of particles present in the standard model and Higgs (and also inert Higgs) bosons being even under this generalised R-parity, while their supersymmetric partners are odd and therefore, as usual, must be pair produced, and upon decaying will always give rise to a stable lightest supersymmetric particle (LSP). However the exotic D-fermions are odd and so must be pair produced and will decay into an LSP, while their scalar superpartners are even and can be singly but in the E 6 SSM it can be heavier than 110 − 120 GeV even at tree level. In the twoloop approximation the lightest Higgs boson mass does not exceed 150 − 155 GeV [1, 18] .
However for the benchmarks considered in the constrained model defined below [11, 12] the lightest Higgs mass was in the range 115 − 121 GeV, and the points we selected for the study in this paper have light Higgs masses just above the LEP bound.
While the simplified superpotential of the E 6 SSM in Eq. 2 only has six more couplings than the MSSM superpotential, the soft breakdown of SUSY gives rise to many new parameters. The number of fundamental parameters can be reduced drastically though within a constrained version of the model. Constrained SUSY models imply that all soft scalar masses are set to be equal to m 0 at some high energy scale M X , taken here to be equal to the GUT scale, all gaugino masses M i (M X ) are equal to M 1/2 and trilinear scalar couplings are such that A i (M X ) = A 0 . Thus the cE 6 SSM is characterised by the following set of Yukawa couplings, which are allowed to be of the order of unity, and universal soft SUSY breaking terms,
where 
where Y ijk are generic Yukawa couplings from the trilinear terms in Eq. (2) and the 27 i represent generic fields from Eq. (1), and in particular those which appear in Eq. (2). In previous analyses [11, 12] we always set m 2 0 positive for correct EWSB and to simplify the analysis assume that all parameters in Eq. (3) are real and M 1/2 is positive. The set of cE 6 SSM parameters in Eq. (3) should in principle be supplemented by µ ′ and the associated bilinear scalar coupling B ′ . However, since µ ′ is not constrained by the EWSB and the term µ ′ H ′ H ′ in the superpotential is not suppressed by E 6 , the parameter µ ′ was assumed to be ∼ 10 TeV so that H ′ and H ′ decoupled from the rest of the particle spectrum. As a consequence the parameters B ′ and µ ′ are irrelevant for the analysis [11, 12] .
In addition several of the parameters specified above are fixed by experimental measurements and the RG flow. This means that the particle spectrum and many phenomenological aspects of the model can be determined from only eight free parameters, which in previous analyses have been taken to be 2 {λ i , κ i , s, tan β}, which can be compared to the cMSSM with {m 0 , M 1/2 , A, tan β, sign(µ)}, and could be reduced further by considering scenarios with some Yuakawa coupling universality or other well motivated relations between the Yukawa couplings at the GUT scale.
To calculate the particle spectrum within the cE 6 SSM a private spectrum generator has been written, based on some routines and the class structure of SOFTSUSY 2.0.5 [21] and employing two-loop RG equations (RGEs) for the gauge and Yukawa couplings together with two-loop RGEs for M a (Q) and A i (Q) as well as one-loop RGEs for m 2 i (Q), where Q is the renormalisation scale. The details of the procedure we followed, including the RGEs for the E 6 SSM and the experimental and theoretical constraints can be found in [11, 12] .
3. LHC signatures of the cE 6 SSM
Benchmark spectra and couplings
In previous publications we presented a set of "early discovery" benchmark points which should be discovered using first LHC data [11] and a set of slightly heavier ("late discovery") benchmarks [12] to illustrate the wider range of possible cE 6 SSM scenarios which could be discovered at the LHC. Here we select two of these points for a more detailed phenomenological study, focussing on the Z ′ N and the new exotic colored states. For this we have chosen the "early discovery" benchmark C (BMC) and a heavier, qualitatively different benchmark 4 (BM4). The mass spectra for these are given in Tab. 2.
These spectra both exhibit the characteristic cE 6 SSM signature of a heavy sfermion sector, with light gauginos. Previously we observed that in the cE 6 SSM m 0 M 1/2 for all phenomenologically viable points [11, 12] . Additionally we discovered that the low energy gluino mass parameter M 3 is driven to be smaller than M 1/2 by RG running, due to the much larger (super)field content of the E 6 SSM in comparison to the MSSM (three 27's instead of three 16's). This implies that the low energy gaugino masses are all less than M 1/2 in the cE 6 SSM, being given by roughly
. These two features imply that the sfermions of ordinary matter will always be heavier than the lightest gauginos, and the lightest SUSY states will include of a light gluino of mass ∼ M 3 , a light wino-like neutralino and chargino pair of mass ∼ M 2 , and a light bino-like neutralino of mass ∼ M 1 .
The heavier spectrum of BM4 is due to a significantly larger choice for the singlet vacuum expectation value, s = √ 2 S = 5 TeV as opposed to s = 2.7 TeV in BMC.
While substantial variation in the spectra can be produced by varying the new Yukawa couplings associated with exotic interactions, S is linked to the spectrum through the EWSB conditions and U(1) N D-terms, so choosing a particular value places restrictions on the masses and in general the larger S the heavier the spectrum.
The U(1) N gauge coupling, g ′ 1 , is fixed by gauge coupling unification with the RG 3 These should be compared to the corresponding low energy values in the cMSSM (or mSUGRA), 
which underlines the cE 6 SSM prediction of relatively heavy squarks and relatively light gluinos. Note that this is the least sensitive region of the recent cMSSM analysis by CMS [19] and ATLAS [20] .
BMC BM4
tan β 10 30
645 1726
300 1621
992 1832
233 491 
115 114
61 116 Table 2 : Parameters for the "early discovery" benchmark point C (left) (from [11] ) and "late discovery" benchmark point 4 (from [12] ).
flow leading to g
. This means that S fixes the mass of the Z ′ N , since M Z ′ ∼ g ′ 1 S and this leads to M Z ′ = 1890 GeV for BM4 and M Z ′ = 1021 GeV for BMC, affecting the discovery potential at the LHC, as will be discussed later.
Another consequence of this is that the couplings to the Z ′ N are also highly constrained in this model since they are given by the gauge coupling and the U(1) N charges. Variation of these couplings between benchmark points comes only from mass mixing of gauge eigenstates, the scale dependence of g Both the inert and exotic coloured states have large U(1) N charges which mean they can play an important role in Z ′ N phenomenology, as well as also producing interesting signatures from direct production.
All the sfermions of ordinary matter are rather heavy, with the sfermions in BM4 being substantially heavier than in BMC, arising from the influence of the larger M Z ′ in the EWSB conditions. The stops tend to be the lightest of the sfermions and due to large mixing the lightest stop is the only ordinary sfermion which can be really light with the 4 At least one κ i coupling must be large to generate EWSB. possibility of being just above 400 GeV. In the two benchmarks here we have mt 1 = 546
GeV for BMC and mt 1 = 837 GeV for BM4, due as usual to the heavier M Z ′ .
The light SUSY states that are always present in the spectrum include a light gluinõ g, two light neutralinos χ Finally there are also two light inert singlinos not shown explicitly in Table 2 (the SUSY partners to the two families of inert singlet scalars S (1, 2) ) whose masses are given by suppressed couplings that are assumed to be small enough so that they do not perturb the RG running of the other couplings. So, although these masses are not precisely fixed in previous analyses of the cE 6 SSM spectrum, they are assumed to be very light.
These particles then guarantee that there will be a substantial non-SM contribution to the Z ′ N width. However, if there is also other light exotic matter, then it can also make a significant contribution, as will be discussed later in the paper.
Tevatron and LEP limits
The presence of light states (neutralinos, chargino and inert singlinos) in the E 6 SSM particle spectrum raises serious concerns that they could have already been observed at the Tevatron and/or even earlier at LEP. For example, the light neutralino and chargino states could be produced at the Tevatron [22] . Recently, the CDF and D0 collaborations set a stringent lower bound on chargino masses using searches for SUSY with a trilepton final state [23] . These searches ruled out chargino masses below 164 GeV. However this lower bound on the chargino mass was obtained by assuming that the corresponding chargino and neutralino states decay predominantly into the LSP and a pair of leptons.
In our case, the lightest neutralino and chargino states are expected to decay via virtual Z and W exchange, and then predominantly into the LSP and a pair of quarks. As a consequence the lower limit on the mass of charginos that is set by the Tevatron is not directly applicable to the benchmark scenarios that we consider here. Instead in our study we use the 95% C.L. lower limit on the chargino mass of about 100 GeV that was set by LEP II [24] .
LEP experiments also set stringent constraints on the masses and couplings of neutral particles that interact with the Z boson. Since inert singlinos have masses below M Z /2, the Z boson could decay into these states. However the couplings of these exotic states to the Z-boson are rather small due to their singlino nature [25] . Consequently their contribution to the Z boson decay width and the corresponding branching ratios are negligible. Due to the small Z couplings, the production of light inert singlinos at LEP was extremely suppressed, which allowed these states to escape detection at LEP.
Nevertheless the presence of light inert singlinos could lead to other phenomena which could be observed at LEP. In the case of BMC, χ [26] . Unfortunately, these bounds are not directly applicable to our study, but they do demonstrate that it was difficult to observe
where X and Y are neutral particles, if the corresponding production cross section was 
Phenomenology
In this subsection, we focus on the phenomenology of the two benchmark points (BMC and BM4), in order to illustrate two of the most striking cE 6 SSM predictions: the exotic contributions to the heavy jet rate and the existence of a Z ′ N boson with an enhanced and resolvable width due to its additional decays into exotic states.
Tab. 3 presents the cE 6 SSM Z ′ N partial decay widths in all available channels. Apart from the leading SM decays into quarks (q) and leptons (l), one can notice, amongst the cE 6 SSM channels, the dominance of the decay into singlinos (collectively denoted byS), whose mass we have set at 10 and 30 GeV, for the two generations, respectively 6 . Next [27] . Note that these bounds assume Z ′ N boson decays only into quarks and leptons. If the width increases by about a factor of two due to exotics and SUSY particles (as will be the case for the benchmarks studied in this paper) then this would reduce the branching ratio into charged leptons also by a factor of two, which we estimate would reduce the mass limit quoted in [8] from 892 GeV down to about 820 GeV. 6 Notice that their contribution to the total Z ′ width is typically always about 30%, irrespectively of their actual mass, so long that the singlino masses remains within the boundaries established in [25] , as space effects are minimal for the considered Z ′ masses. 
Γ tot (all) 18.07 27.45 Table 3 : Z ′ N widths for the "early discovery" benchmark point C (left) (from [11] ) and "late discovery" benchmark point 4 (from [12] ). The index i is summed over three families, the index α is summed over the two inert families of exotics while j is summed over the light neutralino and chargino states. The leptonic branching ratio into l + l − is given by Br(l might be observed at the LHC.
Benchmark C
We now discuss the details of the "early discovery" BMC in Table 2 corresponding to a lighter spectrum first observable at the LHC with 7 TeV, then subsequently amenable to detailed study at 14 TeV. Since BMC leads to signatures that may be more readily discovered and studied at the LHC we discuss this benchmark in considerably more detail than the subsequent one, which is included mainly for comparison. This distribution is promptly measurable even at the lower energy stage of the CERN collider with a high resolution and would enable one to not only confirm the existence of a Z ′ state but also to establish the possible presence and nature of additional exotic matter, by simply fitting to the data the width of the Z ′ resonance, its height at the resonance point and its profile in the interference region with the SM channels (γ-and Z-mediated).
In fact, for our choice of µ D i , µ H i and M Z ′ , the Z ′ N total width varies from ≈ 7 GeV (in case of SM-only matter) to ≈ 18 GeV (in case of additional cE 6 SSM matter). In particular, notice the different normalisation around the Z ′ resonance of the three curves in Fig. 1 (top frame) 8 . 7 We have three generations of the exotic quarks but only two of inert Higgs. For convenience, in the legends of the plots we only refer to the former. Also note that we always include the other width contributions, according to Tab. 3. 8 Clearly, in order to perform such an exercise, the Z ′ couplings to ordinary matter ought to have been Another Z ′ observable (alongside the cross section normalisation and its line shape near and below the Z ′ peak) which will be useful to access Z ′ couplings is the forwardbackward asymmetry (here denoted by AFB l + l − ). Fig. 1 (middle frame) indeed shows a sizable difference in its shape (around the Z ′ mass resonance, especially) between the cases of a sequential Z ′ and a cE 6 SSM Z ′ N , albeit difficult to measure at the 7 TeV LHC (assuming 1 fb −1 of total accumulated luminosity). Remarkably, the shape (and normalisation) of AFB l + l − is essentially the same in the cE 6 SSM irrespective of its particle content, so that the ability of accessing the Z ′ couplings in such a model does not require a knowledge of its spectrum beforehand. with the added bonus of much larger event rates (by a factor of 6 or so around the Z ′ peak) and luminosity (which could be up to 300 fb −1 at the end of the collider lifetime).
Exotics
If exotic particles of the nature described here do exist at low scales, they could possibly be accessed through direct pair hadroproduction. However, as remarked in sumptions, the Z H 2 symmetry is mostly broken by operators involving quarks and leptons of the third generation, the exotic D-fermions decay either via
if exotic D i fermions are diquarks or via
if exotic D-fermions are leptoquarks. In general, sfermions decay into the corresponding fermion and a neutralino, so one expects that each diquark will decay into t-and b-quarks while a leptoquark will produce a t-quark and τ -lepton in the final state with rather high probability. Thus the presence of light exotic D-fermions in the particle spectrum could result in an appreciable enhancement of the cross section of either pp → ttbb + X and pp → bbbb + X if exotic D-fermions are diquarks or pp → ttτ + τ − + X and consequently
Each t-quark decays into a b-quark while a τ -lepton gives one charged lepton l in the final state with a probability of 35%. Therefore both these scenarios would ultimately generate an excess in the b-quark production cross section. Thus the presence of exotic D-fermions alters the SM data samples involving tt production and decay as well as direct bb production.
A detailed LHC analysis will be required to establish the feasibility of extracting this excess due to the light exotic D-fermions predicted by our model. However, our results clearly show that, for the discussed parameter configuration, the position is favourable, as the product of production rates and branching ratios for these channels are typically larger than the expected four-body SM cross sections involving heavy quarks.
Benchmark point 4
Having discussed in detail the phenomenology of the "early discovery" BMC, we can be relatively brief when discussing BM4 in Table 2 , which represents the case of a heavier spectrum for the cE 6 SSM, not necessarily discoverable at 7 TeV, hence dubbed "late discovery". BM4 is included mainly for comparison with BMC in order to fairly show that the cE 6 SSM does not always lead to such a light spectrum.
zero lepton number. 10 It is worth to remind the reader here that the production cross sections of pp → ttbb + X and pp → ttτ + τ − + X in the SM are suppressed at least by a factor α s π 2 and α W π 2 , respectively, as compared to the cross section of tt pair production (and, similarly, for t-quarks replaced by b-quarks). However, the Z ′ N should remain detectable at the 14 TeV LHC after full luminosity is collected (Also note that the absolute value of the corrections to the Z ′ N width due to cE 6 SSM particles is somewhat larger here, growing by about 13 GeV.).
Exotics
In contrast, the exotic D-fermions are much heavier for this benchmark and their detectability, even at 14 TeV, remains debatable. This is illustrated in Fig. 3 (bottom frame), where their inclusive cross section is only of order 10 fb (including all three generations) and requires very high invariant mass final states, where the control of the SM background is uncertain.
Nevertheless the particle spectrum of BM4 contains relatively light exotic scalars (D).
Because these exotic scalars have masses about 300 GeV they are expected to be leptoquarks. So light leptoquarks should be efficiently produced at the LHC. They decay into quark-lepton final states mainly through Z 
Conclusions
We have previously proposed a constrained version of the Exceptional Supersymmetric find that the width may increase by a factor of two, which effectively reduces the DrellYan cross-section into charged lepton pairs also by a factor of two, relaxing the current Tevatron limits from 892 GeV down to about 820 GeV. In addition we have calculated the LHC production cross section of the D-fermions and discussed their decay patterns.
The added value of the cE 6 SSM, compared to previous studies, is that it provides a predictive framework for the experimental study of such signatures via the use of benchmark points. We illustrated this by considering two of the benchmark points previously proposed in some detail. The first benchmark point C, which has low values of (m 0 , M 1/2 ) around (700, 400) GeV and a Z ′ N gauge boson with mass around 1 TeV, gave rise to signatures corresponding to an "early LHC discovery" using "first data". We also examined benchmark point 4 with higher values of (m 0 , M 1/2 ) around (1100, 700) GeV and a Z ′ gauge boson with mass around 2 TeV, providing a more challenging scenario corresponding to late discovery using all accumulated data at the CERN collider. Note that these values of (m 0 , M 1/2 ) in the cE 6 SSM yield a squark and gluino spectrum roughly equivalent to that in the cMSSM with m 0 about 3/2 times larger and M 1/2 about 4 times smaller than the corresponding cE 6 SSM values.
If a Z
′ N gauge boson and D-fermions were discovered at the LHC, identified by measurements of their mass, cross-section and decay signatures as discussed here, this would not only represent a revolution in particle physics, but would also point towards a possible underlying high energy E 6 gauge structure, providing the first glimpse into superstring theory.
A Feynman rules
In this appendix the Z ′ N Feynman rules of the E 6 SSM for the considered benchmarks are presented. The couplings shown in Fig. 4 are determined as follows. For the scalar partners of fermions with substantial mixing the couplings are given by
where θf is the mixing
The relation between the Higgs gauge and mass eigenstates is Fig. 4 then take the form
The inert Higgs come from two generations of 'up' and 'down' type doublets and each generation has 8 degrees of freedom. The charged and neutral components are almost degenerate, but are split by D-term contributions. The physical states are formed by mixing the 'up' and 'down' type Higgs as follows:
and the couplings shown in Fig. 4 are then of the form
The numerical values of the scalar couplings for our benchmarks are given in Tab. 4. where U ± = cos θ ± sin θ ± − sin θ ± cos θ ± if det(X) > 0 and for det(X) < 0 U + → σ 3 U + gives us the correct matrix to diagonalise X such that all masses are positive.
This leads to the chargino couplings taking the form
For neutralino couplings the situation is similar, but in this case we have neutral Majorana fermions so the vector couplings vanish. In addition, when we diagonalise the mass matrix numerically, we find the mixing matrix N which diagonalises the neu- 
